Unlike the dilution effect that overland runoff has on perennial streams, runoff in ephemeral and intermittent streams within the basin was found to be enriched by the flushing of salts from normally dry channels and basin surfaces.
Relative concentrations of sodium and sulfate in streams within the basin appear to be controlled by availability, whereas calcium concentrations appear to be controlled by solubility. A downstream trend of increasing relative concentrations of sodium, sulfate, or both with increasing dissolved-solids concentrations was evident in all streams sampled.
Estimates of total phosphorus concentrations at water-quality measurement sites indicate that phosphorus is removed from water of the Green River as it passes through Fontenelle and Flaming Gorge Reservoirs. Total phosphorus concentrations at some stream sites are either directly or inversely related to streamflow, but at most sites a simple relation is not discernable.
Trace-element concentrations in many of the water samples from streams and springs were less than analytical-detection limits. A ranking procedure was used to calculate cumulative probabilities of concentrations in distributions affected by analytical detection limits. Thus, the number of samples with concentrations less than detection limits and the number and concentrations of samples with concentrations greater than detection limits were used to provide more realistic estimates of means and standard deviations. 
INTRODUCTION 2.0 SALINITY

Dissolved-Solids Loads and Average Concentrations
Relative contributions of salinity maybe seen in loads estimated at water-quality measurement sites on the Green River and its major tributaries.
Water quality, specifically salinity, is an important factor in determining water use and in assessing possible impacts of those uses with time. Development of extensive energy resources in the Green River basin and other parts of Wyoming could result in a significant increase in water consumption from the Green River (Wyoming Water Planning Program, 1970) .
Quantitative description of salinity in the Green River and its major tributaries is useful in evaluating existing water quality as well as projecting impacts of proposed or existing surface-water developments. Dissolved-solids concentrations and loads in this report are estimated from periodic samples and streamflow records using a regression model that relates dissolved-solids concentrations to daily streamflow and time of the year (DeLong, 1977) . Considerable variability in annual loads and average concentrations at individual stations is apparent (figs. 2.1-1 and 2.1-2). Generally smaller annual loads and larger average concentrations during the 1977 water year were a result of less than normal runoff (table 2.1-1). The average discharge during the 1977 water year at station 09217000, Green River near Green River, Wyoming, was less than one-half the average discharge during the preceding 26 years (U.S. Geological Survey, 1977). . 1,000,000 Q^ Consumptive use of surface water for energyrelated development in southwestern Wyoming (such as diversions for powerplants, coal-slurry pipelines, and municipalities) is likely to have a greater effect on surface-water salinity than the actual mining of energy minerals (DeLong, 1978) . Existing and planned mines in the Green River basin lie mainly in plains areas characterized by intermittent and ephemeral streams. Mining plans commonly assume total consumption of water within the area of the mine during both mining and reclamation. Even without total consumption, mines in the basin would not be persistent sources of salinity owing to the minimal precipitation and subsequent runoff from the mining areas. Unusually intense storms could cause saline runoff, but such storms are localized; and the runoff would not have a significant effect on major drainages.
SALINITY
Water would most likely be diverted from major perennial streams of the basin. The probable effect of proposed diversions made from different points within the stream system may be evaluated by estimating dissolved-solids concentrations at each point of diversion, computing the dissolved-solids load removed by diversion, and superimposing the changes in streamflow and dissolved-solids loads on estimates made for common downstream locations.
For example, a constant diversion of 20 cubic feet per second from the Big Sandy River at Gasson Bridge without return flow could potentially decrease dissolved-solids concentrations downstream in the Green River at Green River, Wyoming by as much as 13 percent during the winter months ( fig. 2 .2-1). Potential decreases in concentrations during the remainder of the year generally would be less than 2 percent. Concentrations would decrease downstream in the Green River because the concentrations in the Big Sandy River at the point of diversion are greater than the concentrations in the Green River. Conversely, an equivalent diversion from the mainstem of the Green River upstream from the Big Sandy River could result in a slight increase in dissolved solids downstream at the town of Green River. 
Station 09216050 Big Sandy River at Gasson Bridge
SALINITY-Continued
Estimating Effects of Water Development
SALINITY-Continued
Dissolved-Solids Concentrations in Ephemeral and Intermittent Streams
Unlike the dilution effect that overland runoff has on the baseflow of most perennial streams, runoff in ephemeral and intermittent streams is enriched by the "flushing " of salts from normally dry channels and other basin surfaces.
The variable nature of flow in ephemeral and intermittent streams significantly affects corresponding water quality. During periods of infrequent precipitation and runoff, salts accumulate in channels and on other basin surfaces. Concentration of dissolved solids in the downstream edge of runoff reflects the availability of readily soluble salts. Dissolved-solids concentration continues to increase during runoff until salts are sufficiently flushed from inundated surfaces allowing the dilution effect of continued runoff to prevail ( fig. 2 .3-1).
The composite effect of overland runoff on perennial streams in the Green River basin, as shown by DeLong (1977) , is dilution. Headwaters of most perennial streams within the basin are in mountainous areas characterized by greater relative precipitation and runoff. Dissolved-solids concentrations in overland runoff from these areas typically are less than the base-flow concentrations of recipient perennial streams. Dissolved-solids concentrations typically are greater in snowmelt runoff from lower elevations characterized by ephemeral and intermittent streams than in snowmelt runoff from the mountainous areas. The fact that snowmelt runoff at lower elevations generally precedes that from the mountainous areas contributes to a seasonal trend in the relation between streamflow and dissolved-solids concentration of perennial streams (DeLong, 1977) . Hem, 1966, p. 64-77; 1970, p. 250-255) indicate that most stream water in the Green River basin is saturated or nearly saturated with respect to calcite (calcium carbonate). A similar condition exists in the major rivers of Russia (Alekin and Morichevea, 1957) as reported by Hem (1961, p. 14-15) . Because calcite saturation typically persists in the study area from near the headwaters through downstream reaches, stream water dissolves very little calcium carbonate en route. In fact, calcium dissolved from other sources such as calcium sulfate would tend to precipitate as calcium carbonate. Dissolution of calcium sulfate and subsequent precipitation of calcium carbonate is hypothesized to account for a relative increase of sulfate concentration in Flaming Gorge Reservoir (Bolke, 1979, p. 3234) . The streams in the study area, however, are not saturated with respect to other ions. Controlled largely by availability and dissolution rates, concentrations of these ions continue to increase downstream ( fig. 2.4-1) . Initially large relative sulfate concentrations in the Green River are caused by sulfate concentrations of springs tributary to the head waters. Dilution by less concentrated tributaries causes a short-lived decrease in relative sulfate concentration that gradually is overcome by a continued increase in the absolute sulfate concentration downstream. The downstream trend of increasing relative concentrations of sulfate, sodium, or both with an overall increase in dissolved-solids concentration is typical of all streams sampled within the basin. 
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SALINITY-Continued
Chemical Composition of Water in Samples from Springs
PHOSPHORUS
Effect of Reservoirs
Phosphorus is removed from the Green River as the water passes through Fontenelle and Flaming Gorge Reservoirs.
Control of phosphorus in surface waters of the Green River basin has become an important waterquality issue primarily as a result of eutrophication studies in the basin and increasing algal growth in Flaming Gorge Reservoir. The reservoir has been classified eutrophic at points within the Blacks Fork and Green River arms and at a point downstream from their confluence (U.S. Environmental Protection Agency, 1977, p. 12) . Algal blooms in the arms of the reservoir have grown increasingly larger during the last decade ( CH2M Hill, 1977, p. 13 ).
Estimating present phosphorus loading is a useful step in assessing probable effects of future development and controls on eutrophication. The effectiveness of Fontenelle and Flaming Gorge Reservoirs as phosphorus traps is readily apparent in estimates of loads and concentrations at adjoining stations (figs. 3.1-1 and 3.1-2). Estimates of phosphorus loads contributed to the reservoirs from direct runoff and other tributaries would be necessary to estimate phosphorus storage rates in the reservoirs. However, considering the quantities of phosphorus from the Green River alone that may have been stored in the reservoirs since their completions, it seems unlikely that algal growth would be a simple function of phosphorus loading in any one season. Further study would be necessary to quantify dominant transport and growth mechanisms in the reservoirs. Results would be useful in examining feasibility of various control measures and effects of alternative development plans.
The increase in phosphorus load from station 09217000, Green River near Green River, Wyoming, to station 09217010, Green River below Green River, Wyoming is presumably a result of inflow between the two stations. Bitter Creek joins the Green River between the two stations, and sewage effluent is contributed both through Bitter Creek and directly to the Green River between the two stations.
Average loads (table 3.1-1) and geometric-mean concentrations (table 3.1-2) at individual stations were estimated by methods described in section 5. Logarithms of measured concentrations and calculated loads were used to transform data to the normal form. All phosphorus concentrations used in this report are total concentrations resulting from analysis of the total water-sediment mixture in the samples. 
PHOSPHORUS-Continued
Relation to Streamflow
Total phosphorus concentration at some stream sites is related to streamflow.
Total phosphorus concentration in a stream may vary as a result of changes in streamflow ( fig. 3.2-1) . Dilution occurs if sources of additional water to the stream contain less phosphorus concentration relative to initial stream concentration. Conversely, enrichment of the stream occurs when additional water contains greater relative concentration. Increasing streamflows accompanied by rising stream stages also may increase total phosphorus concentration by capturing phosphorus previously stored in channels. For example, total phosphorus concentration in Salt Wells Creek, an intermittent plains stream at the southern end of the Green River basin, is directly related to sediment concentration (Lowham and others, 1982) .
Total phosphorus concentration in the Green River within Wyoming was not found to be related to magnitude of streamflow. In the Green River, as in most of its major tributaries, the lack of relation between total phosphorus and streamflow may be thought of as an averaging of dilution and enrichment effects. It should also be noted that phosphorus concentration is affected by its extensive use in biological cycles as a nutrient. 
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TRACE ELEMENTS
Trace-element concentrations in many of the samples analyzed were less than detection limits.
Trace elements, as the term implies, normally are found at minute or "trace" concentrations in natural water. Consequently, trace-element concentrations are reported in micrograms per liter as opposed to the major constituents in water which are reported in milligrams per liter. As shown in the bar graph ( fig.  4 .0-1), a significant number of the samples contained concentrations less than prevalent analytical detection limits. Detection limits may vary among elements or analytical procedures or both. Trace-element concentrations summarized in this report were determined by atomic-absorption spectrophotometry (Skougstad and others, 1979) . In general, detection limits range from 1 to 10 micrograms per liter for the dissolved analyses and from 1 to 100 for the total analyses. Although the exact concentration of a particular constituent in a sample may be less than detection limits, the sample can still be used in statistical analysis. The knowledge that the concentration is less than a certain value is useful information, obtained with considerable effort and expense. Section 5.0 describes the method used in this report to include data with values less than detection limits in the determination of means and standard deviations.
What is a typical value of total arsenic concentration? In table 4.0-1, it can be seen that geometric means of total arsenic concentrations at water-quality measurement sites differ by an order of magnitude. Numbers in columns represented by downstream-station numbers (09209400, for example; fig.   4 .0-2) are geometric means of samples collected periodically at the same site. The columns headed "Misc-SW" (miscellaneous surface water) and "Springs" represent geometric means of samples collected one per site. Geometric means are used, rather than arithmetic means, because they provide a better measure of central tendency. Frequency distributions of logarithms of the data show more symmetry than do frequency distributions of the untransformed data. Summary statistics from which the 
TRACE ELEMENTS
ESTIMATION OF MEANS AND STANDARD DEVIATIONS OF DISTRIBUTIONS AFFECTED BY ANALYTICAL DETECTION LIMITS
Censored Sample Distributions
Water-quality data are termed censored data when the constituent concentrations are less than analytical detection limits and cannot be quantified.
Limited analytical sensitivity often presents a problem in estimating means and standard deviations. Many constituents exist in natural waters at concentrations less than the detection limits of prevalent analytical procedures ( fig. 5.1-1) . For example, if the detection limit for a particular constituent and attendant analytical procedure is 100 micrograms per liter, concentrations of less than 100 micrograms per liter would be qualified as "F100," "not detected," or simply "0." Data containing such qualified values are referred to as censored. The number of data that are less than the detection limit is known, but their individual magnitudes are unknown. Because of this, averages of the logarithmically transformed or untransformed data cannot be computed directly.
Because censored sample distributions commonly result from the measurement of processes and abundance in nature, many methods have been used to statistically analyze censored distributions. If the qualified values compose less than 20 percent of the data, they may be replaced by arbitrary values directly outside the range of detection of the analytical method used. Seven-tenths of the lower limit of detection was used by Miesch (1976) . Methods given by Cohen (1959) and summarized by Miesch (1967) allow statistical analysis of censored-data distributions composed of greater than 20-percent qualified values. Jennings and Benson (1969) used a theorem of conditional probability to estimate probability of occurrence of annual floods from censored data. A ranking procedure, described in section 5.2, was used in this report to calculate cumulative probabilities of concentrations in distributions affected by analytical detection limits. Thus, the number of samples with concentrations less than detection limits and the number and concentrations of samples with concentrations greater than detection limits were used to provide more realistic estimates of means and standard deviations. 
ESTIMATION OF MEANS AND STANDARD DEVIATIONS OF DISTRIBUTIONS AFFECTED BY ANALYTICAL DETECTION LIMITS
ESTIMATION OF MEANS AND STANDARD DEVIATIONS OF DISTRIBUTIONS AFFECTED BY ANALYTICAL DETECTION LIMITS-Continued
Geometric Means
Population mean and standard deviation are estimated in this report from censored data distributions by a method that uses the number of data less than detection limits as well as the number and individual magnitudes of data greater than detection limits.
Means and standard deviations in this report are estimated from a least-squares fit of data plotted on normal probability paper. When the underlying distribution is normal, data plot as a straight line. Data in this report were transformed to the normal form by using logarithms of the data, and the underlying distributions are referred to as lognormal. The antilog of the mean of the logarithms is an estimate of the geometric mean. The definition of the geometric mean used in this report is the strict mathematical definition: the nth root of the product of n values.
Cumulative probabilities were estimated from the following equation (Blom, 1958; Barr and others, 1976) :
where n is the total number of samples including qualified values, and Rj is rank in ascending order (1,2,3,,,n) of the ith sample. Qualified values receive ranks lower than the smallest unqualified value. For example, if 20 of 100 samples were below the detection limit for a particular constituent, the 20 qualified values would receive ranks 1-20, and the unqualified value of smallest known magnitude would receive rank 21.
When logarithms of the known magnitudes are plotted on the vertical coordinate and corresponding cumulative probabilities are plotted on the horizontal coordinate, an estimate of the mean is the value of the vertical coordinate where the fitted line intersects a cumulative probability of 50 percent (Bowker and Lieberman, 1972) as shown in figure 5 .2-1. The estimate of standard deviation is the difference on the vertical scale between the points where the fitted line passes through cumulative probabilities of 50 and 84.13 percent. Because of the large quantity of data analyzed in this report, the entire process was computerized using programs written for the Statistical Analysis Systems l (Barr and others, 1976) . 
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ESTIMATION OF MEANS AND STANDARD DEVIATIONS OF DISTRIBUTIONS AFFECTED BY ANALYTICAL DETECTION LIMITS-Continued
Arithmetic Means
In this report, arithmetic means of censored lognormal distributions are estimated from means and standard deviations of logarithms of the data.
It often is desirable to estimate the arithmetic mean of a data population that is lognormally distributed. For example, it is useful to estimate annual load of a particular constituent at selected points along a stream in order to quantitatively determine sources or sinks of the particular constituent. If all the water passing a point on the stream were collected for a full year, the overall concentration of that constituent in the water multiplied by its total volume would give the desired load. If the total water volume were collected in small-sample volumes, the average load could be estimated from the arithmetic mean of the loads computed from each small-sample volume. In practice, only a few small-sample volumes are collected during the year, and the ratio of total water in the samples collected to total water passing a particular point along the stream may be less than 1 to 1 trillion. Because of this ratio and the underlying lognormal distribution, the arithmetic mean of the few samples is very sensitive to occasional large loads, and it can be shown (Sichel, 1952) that the arithmetic mean estimated from the few samples generally is greater than the true arithmetic mean of the total water volume.
A better estimate of the arithmetic mean of a censored lognormal distribution can be made using Sichel's "t" estimator (Sichel, 1952) in conjunction with estimates of geometric mean and standard deviation described earlier in this section. The "t" estimator based on Fisher's "Method of Maximum Likelihood" (Fisher, 1921) is an estimate of the arithmetic mean of the total water volume and may be computed from the following power series (Sichel, 1952) : The equations above were used to estimate average phosphorus loads presented in section 3.1, which are again presented in table 5.3-1 for the reader's convenience. Routine surface-water sampling stations are part of a nationwide water-quality monitoring network operated by the U.S. Geological Survey in cooperation with other Federal and State agencies. Each routine surface-water sampling station in this report has a unique number. The complete 8-digit number, such as 09188500, includes the first two digits "09" that refer to the major drainage basin, and the remaining six digits "188500" that refer to individual station location. Increasing location numbers refer to locations progressively farther downstream.
ESTIMATION OF MEANS AND STANDARD DEVIATIONS OF DISTRIBUTIONS AFFECTED BY ANALYTICAL DETECTION LIMITS-Continued
Arithmetic Means
LOCATION OF WATER-QUALITY MEASUREMENT SITES
Miscellaneous surface-water sites and springs represent a general reconnaissance and are not part of a routine measurement network. Data analyzed in this report are available from computer storage (U.S. Geological Survey, 1974) and may be found in publications such as Water Resources Data for Wyoming (U.S. Geological Survey, 1976; . The location of each routine surface-water sampling station is shown in figure 6 .0-1; the stations are described in table 6.0-1. The location of each of the more than 500 spring and miscellaneous surface-water sites for which data were analyzed in this report but not referred to individually is available through the data sources mentioned above. 
